Introduction {#j_jomb-2017-0053_s_001}
============

Cervical cancer is the second most common cancer in women, and the seventh overall ([@j_jomb-2017-0053_ref_001]). Risk factors for cervical cancer include: early age at first sexual intercourse, number of sexual partners, malnutrition, smoking, long time use of oral contraceptives and, most importantly, Human Papilloma Virus infection ([@j_jomb-2017-0053_ref_002]). Recent data revealed the role of oxidative stress in cervical cancer ([@j_jomb-2017-0053_ref_003]).

The development of cervical cancer at first begins with precancerous lesions, either low squamous intraepithelial lesions (L-SIL) or the more advanced high squamous intraepithelial lesion (H-SIL). These lesions can develop further into a neoplasia ([@j_jomb-2017-0053_ref_004]).

Reactive oxygen species (ROS) tend to pair with adjacent molecules, which can be lipids, proteins and DNA ([@j_jomb-2017-0053_ref_005]). On the other hand, antioxidants serve as scavengers of ROS. In a healthy system, ROS and anti oxidants are in a state of balance. However, when the quantity of ROS exceeds that of antioxidants, the system enters a state of oxidative stress ([@j_jomb-2017-0053_ref_006]). Antioxidative enzymes, such as superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), glutathione reductase (GR) and glutathione-S-transferase (GST), maintain redox balance. Their activity can be used to estimate the oxidative defense mechanism strength. Antioxidative enzymes inhibit both the initiation and promotion of carcinogenesis ([@j_jomb-2017-0053_ref_007]).

As a result of interaction between the ROS and lipids in membranes, the process of lipid peroxidation leads toward decreased fluidity, increased permeability and inactivation of membranes, which may be one of the possible reasons for the progression of the cervical carcinoma. A degradation product of lipid peroxidation called malonodialdehyde (MDA) is highly cytotoxic and acts as a tumor promoter and a carcinogenesis inductor ([@j_jomb-2017-0053_ref_008], [@j_jomb-2017-0053_ref_009], [@j_jomb-2017-0053_ref_010]).

8-OHdG is one of the most abundant oxidatively modified lesions in DNA and it represents a marker of oxidative stress. Among the bases, guanine is the most susceptible DNA target. 8-OHdG may be induced by hydroxyl radical or singlet oxygen. It is a mutagenic lesion, which can be mispaired with adenine. In the next round of replication, wrongly paired adenine will pair with thymidine, therefore causing G:C- \> T:A transversion ([@j_jomb-2017-0053_ref_011]).

The aim of our study was to assess the activity of the enzymes included in the antioxidant defense of the organism and to determine the levels of lipid peroxidation in the blood and plasma, as well as the level of 8-OHdG in women with different stages of cervical cancer and in healthy women. Very few studies have investigated any correlations between free radical damage and different stages of cervical cancer as defined by the FIGO staging/grading system. Therefore, the present study was designed to evaluate the possible involvement of oxidative stress during the progression of cervical carcinoma from the premalignant to the malignant state.

Materials and Methods {#j_jomb-2017-0053_s_002}
=====================

Study groups {#j_jomb-2017-0053_s_002_s_001}
------------

The present study included 153 subjects. Out of 153 subjects, 32 were controls. Inclusion criteria for the control group were: no cervical pathology (confirmed with healthy PAP smear) nor any other cancer, no previous interventions on the cervix, older than 18 years, signed written consent and negative pregnancy test. The 121 patients were newly diagnosed patients with HSIL or cervical cancer. Inclusion criteria for the patient groups were: histological confirmation of patient belonging to a defined group, older than 18 years, signed written consent, negative pregnancy test, ECOG 0-1, negative for hepatitis C and B, and HIV virus. Exclusion criteria for the patient groups were: previous history of cancer, relapse, previous interventions on the cervix, previous radio- or chemotherapy, acute inflammatory processes in the body. Patients were categorized according to their stages as follows: group II H-SIL (37 patients), settled for conization as treatment; group III FIGO Ia-Ib (39 patients), treated with radical hysterectomy and group IV FIGO IIa-IV (45 patients), treated with concomitant chemo-radio -therapy.

The protocol of informed consent was approved by the Ethical Committee of the Oncology Institute of Vojvodina. Samples were collected from December 2013 to April 2016.

Blood collection and erythrocyte lysate preparation {#j_jomb-2017-0053_s_002_s_002}
---------------------------------------------------

Five milliliter blood samples were drawn by venipuncture into EDTA tubes. An amount of 400 μL of blood was used for the analysis of GPx. One mL of blood samples was centrifuged for 10 min at 3000 rpm. After removal of plasma, red blood cells were washed thrice with physiologic saline. Hemolysates were prepared by the addition of ice-cold distilled deionized water to the erythrocytes up to 4 mL, and used for the analysis of SOD, CAT, GR and GST.

The remaining blood samples were centrifuged for 10 min at 3000 rpm, and plasma samples were separated for the analysis of MDA.

Laboratory analyses {#j_jomb-2017-0053_s_002_s_003}
-------------------

All chemicals used in this study were of analytical grade and purchased from Sigma Aldrich. Patients' blood was analyzed on Beckman Coulter's automated hematology analyzer. Concentration of MDA and activity of antioxidative enzymes were measured on an Agilent 8453 UV-visible spectrophotometar, Biochem Analysis UV/Vis SW. The concentration of 8-OHdG was determined by gas chromatography with mass detection (GC-MS) using the Agilent GC 7890A, 5975C VL MSD device. The 8-OHdG identification was performed using commercial mass spectrometric libraries (Fiehn.L and NIST8.L) and confirmed by the use of the AMDIS software package and characteristic ions m/z 383 (T); 368 (Q1) and 311 (Q2). (T-target; Q1 and Q2-qualifier ions).

Superoxide dismutase {#j_jomb-2017-0053_s_002_s_004}
--------------------

Total (Cu-Zn and Mn) SOD activity measuring method was based on the xanthine/xanthine oxidase system ([@j_jomb-2017-0053_ref_012]). One unit of SOD was defined as the enzyme amount causing 50% inhibition in the cytochrome C reduction rate and the results were expressed as U/g Hgb.

Catalase {#j_jomb-2017-0053_s_002_s_005}
--------

CAT activity was measured by the method of Aebi ([@j_jomb-2017-0053_ref_013]) after dilution of the sample with 50 mmol/L phosphate buffer, pH 7.00, just before the measurements. The reaction mixture was 50 mmol/L phosphate buffer pH 7.00, 30% H~2~O~2~, and 10 μL erythrocyte lysate. The reduction rate of H~2~O~2~ was followed at 240 nm for 3 min at 25 °C. CAT activity was expressed in U/g Hgb.

Glutathione reductase {#j_jomb-2017-0053_s_002_s_006}
---------------------

Glutathione reductase (GR) was determined by measuring the reduction rate of oxidized glutathione (GSSG) with NADPH as a suitable enzyme substrate at 340 nm ([@j_jomb-2017-0053_ref_014]). Activity of GR was defined as nmol of NADPH/min/g Hgb.

Glutathione peroxidase {#j_jomb-2017-0053_s_002_s_007}
----------------------

GPx activity was determined in erythrocyte lysate after dilution ([@j_jomb-2017-0053_ref_014]). The reaction mixture was 1 mol/L Tris buffer, pH 8.00, containing 5 mmol/L of Na~2~EDTA, 0.1 mol/L reduced glutathione (GSH), 2 mmol/L NADPH, 250 IU/mL of glutathione reductase (GR). Reaction mixture was incubated for 10 min at 37 °C. Then the reaction was initiated with 7 mmol/L T-butylhydroper oxide. Formation rate of oxidized glutathione (GSSG) and concomitant oxidation of NADPH to NADP^+^ were monitored spectroscopically at 340 nm. Activity of GSH-Px was defined as nmol of NADPH/min/g Hgb.

Glutathione-S-transferase {#j_jomb-2017-0053_s_002_s_008}
-------------------------

Determination of glutathione-S-transferase (GST) was based on conjugation of the --SH group of reduced glutathione with 1-chloro-2,4-dinitrobenzene (CDNB) ([@j_jomb-2017-0053_ref_014]). The measurement of GST enzyme activity was performed with 20 mmol/L GSH as the first, and 25 mmol/L CDNB as the electrophilic second substrate in 0.5 mol/L potassium phosphate buffer, pH 6.50. Absorbance of the conjugate CDNB-glutathione was measured at 340 nm. Activity of GST was expressed as nmol of CDNB-glutathione conjugate/min/g Hgb.

Thiobarbituric acid reactive substance {#j_jomb-2017-0053_s_002_s_009}
--------------------------------------

Lipid peroxidation was estimated by the formation of thiobarbituric acid reactive substances (TBARS), as described by Draper et al. ([@j_jomb-2017-0053_ref_015]). The samples were deproteinised with 15% trichloroacetic acid and then treated with 0.375% thiobarbituric acid. The mixture was heated in a boiling water bath for 15 minutes. It was then cooled to room temperature, centrifuged at 3500 rpm for 10 min and the developed pink color was measured at 535 nm. The values are expressed as nmol of MDA/L.

8-OHdG {#j_jomb-2017-0053_s_002_s_010}
------

Three mL of urine sample was centrifuged at 3500 rpm, and then 1 mL of supernatant was taken for the analysis. After the column has been conditioned, 1 mL of sample was injected in the column. Afterwards, colon was washed and centrifuged at 3500 rpm. Analyte was eluated with methanol. Be fore the analysis, eluate was quantitatively transferred in GC-inserts and evaporated and after re-dissolution derivatized. Derivatization was carried out by dissolving the residue in 20 μL of acetonitrile (HPLC grade) and adding 20 μL of bis-trimethylsilyl trifluoroacetamide (BSTFA) and letting sit for at least 30 minutes at room temperature, after which it was analyzed by GC-MS (EI ionization). The values are expressed as concentration of 8-OH2dG/mg creatitine.

Statistical analysis {#j_jomb-2017-0053_s_002_s_011}
--------------------

The statistical analysis included parametric and nonparametric methods: Student\'s t-test, analysis of variance, Mann Whitney test, Kruskal Walis test, and the chi-square test. For variables with normal distribution, comparison between groups was performed by analysis of variance, followed by, if necessary, Duncan's multiple comparison test. For variables that do not have normal distribution, comparison between groups was performed using the Kruskal Wallis test, followed by, if necessary, multiple comparison test of medium ranges. P-values at the level of 0.05 were considered statistically significant. For statistical analysis, Microsoft Excel 2007 was used with Statistica 13 software package (StatSoft Inc., Tulsa, OK, USA), University License University of Novi Sad.

Sample size for the detection of effect size of 0.33 in variance analysis with four groups for the lipid peroxidation, SOD, CAT, GST, GPx and GR variables for the statistical significance level of 0.05 and the statistical power of 0.8 is 104. The effect size was obtained on the basis of the predicted relationship between the values of explained and the residual variance from 0.1 to 0.9. Sample size calculation was done using G-Power 3.1.9.2

Canonical discriminant analysis (CDA) was used for assessment of discrimination between the examined groups of patients based on the values obtained for markers of oxidative stress, while the determination of resemblance between the groups was performed by hierarchical cluster analysis based on Mahalanobius distances.

Results {#j_jomb-2017-0053_s_003}
=======

Characteristics of the patients and controls are given in the *[Table I](#j_jomb-2017-0053_tab_001){ref-type="table"}*.

Lipid peroxidation {#j_jomb-2017-0053_s_003_s_001}
------------------

Data obtained in this study demonstrated moderate elevation of lipid peroxidation in group II and III, with a tendency to increase with the extent of severity of the lesion, while it increased significantly in patients with locally advanced disease (*[Figure 1A](#j_jomb-2017-0053_fig_001){ref-type="fig"}*). Statistically significant differences are between the control group and the group with advanced disease (p\<0.001) as well as between the second and fourth (p\<0.001) and third and fourth groups (p\<0.001).

![(A) Level of lipid peroxidation, Activity of (B) SOD (C) CAT (D) GST (E) GPx (F) GR in cervical cancer patients I -- control group; II -- HSIL; III -- FIGO Ia-Ib; IV -- FIGO IIa-IV; Kruskal Wallis test used. X p\<0.01 vs other groups](jomb-37-336-g001){#j_jomb-2017-0053_fig_001}

SOD activity {#j_jomb-2017-0053_s_003_s_002}
------------

Tumor progression is followed by an increase in SOD activity resulting in a significant increase when the fourth group was compared with the other three groups. Statistically significant differences are between the control group and group with advanced disease (p\<0.01) as well as between the second and fourth (p\<0.01) and third and fourth group (p\<0.05) (*[Figure 1B](#j_jomb-2017-0053_fig_001){ref-type="fig"}*).

###### 

Characteristics of the patients and controls.

  Characteristics              Number   Mean age±SD
  ---------------------------- -------- -------------
  Total Count                  153      44.6±12.8
  Group I                      32       33.6±11.3
  Group II                     37       40.5±10.2
  Group III                    39       48.9±10.2
  Group IV                     45       52.2±10.9
  FIGO Stage                            Percentage
  H-SIL                        37       30.6
  Ia1                          2        1.6
  Ia2                          1        0.8
  Ib1                          19       15.7
  Ib2                          11       9.1
  IIa                          3        2.5
  IIa2                         3        2.5
  IIb                          31       25.6
  IIIb                         9        7.4
  IVa                          3        2.5
  IV                           2        1.6
  Histopathological features            
  Planocellular                78       66.0
  Adenosquamous                6        5.1
  Lymphovascular invasion               
  Absent                       16       41.0
  Present                      23       28.9
  Treatment modalities                  
  Conization                   37       30.6
  Radical hysterectomy         39       32.2
  Radiotherapy                 45       37.2

CAT activity {#j_jomb-2017-0053_s_003_s_003}
------------

It is obvious from *[Figure 1C](#j_jomb-2017-0053_fig_001){ref-type="fig"}* that the activity of CAT is significantly increased in patients with advanced disease comparing to the other three groups. Progression of the disease is followed by an increase in CAT activity. Statistically significant differences are between the control group and group with advanced disease (p\<0.005) as well as between the second and fourth (p\<0.005) and third and fourth group (p\<0.05).

GST activity {#j_jomb-2017-0053_s_003_s_004}
------------

Statistically significant differences are between the control group and group with advanced disease (p\<0.05) as well as between the second and fourth (p\<0.05) and third and fourth group (p\<0.05) (*[Figure 1D](#j_jomb-2017-0053_fig_001){ref-type="fig"}*). It is evident from *[Figure 1D](#j_jomb-2017-0053_fig_001){ref-type="fig"}* that there is a highly significant difference in GST activity between the group of patients with advanced disease and all the other examined groups. Progression of the disease is followed by an increase in GST activity, but without a significant difference, when those three groups were compared.

GPx activity {#j_jomb-2017-0053_s_003_s_005}
------------

There were no significant differences in the activities of GPx, although an increasing pattern was observed between the group of patients with advanced disease and other groups (*[Figure 1E](#j_jomb-2017-0053_fig_001){ref-type="fig"}*).

GR activity {#j_jomb-2017-0053_s_003_s_006}
-----------

There were no significant differences in the activities of GP, although an increasing pattern was observed between the group of patients with advanced disease and other groups (*[Figure 1F](#j_jomb-2017-0053_fig_001){ref-type="fig"}*).

Level of 8-OHdG {#j_jomb-2017-0053_s_003_s_007}
---------------

We observed statistically significant differences between the control group and group with advanced disease (p\<0.01) and evident, but not statistically significant differences between the second and fourth and third and fourth group (*[Figure 2](#j_jomb-2017-0053_fig_002){ref-type="fig"}*).

![Level of 8-OHdG in cervical cancer patients. I -- control group; II -- HSIL; III -- FIGO Ia-Ib; IV -- FIGO IIa- IV; Kruskal Wallis test used. \*\*p\<0.01 vs control group (I)](jomb-37-336-g002){#j_jomb-2017-0053_fig_002}

Canonical discriminant analysis was applied to the variables describing the markers of oxidative stress in patients. The results have shown that the first two discriminant functions describe more than 98% of discriminations between the groups. Furthermore, in a term of the first discriminant function, separation of different groups occurs as a result of determined lipid peroxidation level, while in the case of second discriminant function, separation of groups occurs as a result of determined levels of superoxide dismutase (*[Table II](#j_jomb-2017-0053_tab_002){ref-type="table"}*). The position of the evaluated patients in the space defined by the first two canonical axes suggests no possible separation of groups based on the levels of determined oxidative stress in patients because of the high variability of the obtained results (*[Figure 3A](#j_jomb-2017-0053_fig_003){ref-type="fig"}*). However, it can be concluded that patients belonging to the first three groups are positioned mostly in the positive part of CA1 as a result of lower levels of determined lipid peroxidation. On the other hand, a large number of patients belonging to the group IV is localized in the negative part of CA1 as a result of higher levels of LP. Performed Hierarchical cluster analysis *[Figure 3B](#j_jomb-2017-0053_fig_004){ref-type="fig"}*) reveals the resemblance of groups I, II and III based on the determined levels of oxidative stress, as well as a segregation of group IV as a separate cluster.

![The position of the evaluated patients in the space defined by first two canonical axes.](jomb-37-336-g003){#j_jomb-2017-0053_fig_003}

![Cluster analysis diagram.](jomb-37-336-g004){#j_jomb-2017-0053_fig_004}

###### 

Loadings of the first two canonical axes.

  Variable   CA1         CA2
  ---------- ----------- -----------
  LP         -0.842325   0.138900
  SOD        -0.207943   -0.759528
  CAT        -0.182681   -0.435075
  GST        -0.153091   0.640474
  GPX        0.162314    0.062417
  GR         -0.041366   0.375422
  Eigenval   0.368662    0.024604
  Cum.Prop   0.921399    0.982892

Discussion {#j_jomb-2017-0053_s_004}
==========

Chronic inflammation due to cervical trauma, bacteria and viruses, especially human papilloma virus (HPV) is one of the predominant factors in the etiopathogenesis of cervical cancer. Chronic inflammation results in the activation of the monocyte/ macro phage system which produces high levels of ROS. Sustained high levels of ROS cause genetic damage to the cervical epithelium, leading to transformation of cells and initiation of cervical cancer. Subsequent steps, such as promotion and progression of these initiated cells, are also related to the oxidant/antioxidant milieu in humans. Thus, it is possible that HPV infection induces an oxidative stress in cervical cancer ([@j_jomb-2017-0053_ref_016]).

The present study showed that erythrocyte TBARS levels, as markers of oxidative stress, were higher in all the examined groups than in control, and were significantly elevated in women with advanced cervical cancer. A number of studies show similar results ([@j_jomb-2017-0053_ref_009], [@j_jomb-2017-0053_ref_010], [@j_jomb-2017-0053_ref_017], [@j_jomb-2017-0053_ref_018], [@j_jomb-2017-0053_ref_019], [@j_jomb-2017-0053_ref_020]). On the other hand, a study by Beevi SS et al. ([@j_jomb-2017-0053_ref_021]) showed no significant differences in MDA levels according to the stage of the disease. Authors that reported higher MDA values in patients with CIN claimed oxidative injury as a prominent factor even in the early steps of carcinogenesis ([@j_jomb-2017-0053_ref_010], [@j_jomb-2017-0053_ref_022]). The fact that oxygen radical production, which elevates lipid peroxidation, increases with the progression of the disease may indicate that patients with advanced cervical carcinoma have a wider extent of cellular membrane degeneration than the patients in lower stages ([@j_jomb-2017-0053_ref_022]). Therefore, lipid peroxidation may be one possible cause of cervical cancer progression. It has also been suggested that an increase in lipid peroxidation would cause degeneration of tissues and that lipid peroxidation formed at the primary sites would be transferred through the circulation to other tissues and provoke damage by propagating the process of lipid peroxidation ([@j_jomb-2017-0053_ref_023]).

Antioxidant enzyme activities have shown different patterns in different types of cancer ([@j_jomb-2017-0053_ref_024]). Studies which have shown lower levels of antioxidant enzymes hypothesize that they have been more utilized in the presence of the disease. Other studies, showing higher activity levels, explain that the enzymes are more active as the disease progresses, since there is a bigger lesion to be »repaired«.

Superoxide dismutase (SOD) plays an important role in protection against lipid peroxidation. It is present in high amounts in erythrocytes, and catalyzes the dismutation of superoxide anions into oxygen and hydro gen peroxide. SOD increases its activity compensatively when there is excessive production of superoxide anions. Inflammation in the cervix may contribute to high levels of SOD, which may lead to increased intracellular hydrogen peroxide, thereby creating an environment favorable to DNA damage and the promotion of cancer. Results from our study showed that SOD activity in blood was increased in all examined patient groups compared to healthy subjects, with statistical significance for patients in the advanced disease group. Demirci et al. ([@j_jomb-2017-0053_ref_025]) also showed an in crease in SOD activity in cervical cancer patients, compared to the control group. Decreased SOD activity was reported by Balasubramaniyan et al. ([@j_jomb-2017-0053_ref_020]) in cervical tissues ([@j_jomb-2017-0053_ref_016]) and by Srivastava et al. ([@j_jomb-2017-0053_ref_026]) in blood. They proposed the relation of prolonged exposure to oxidative stress and consumption of activated enzymes. Chiou and Hu ([@j_jomb-2017-0053_ref_010]), Bhuvaraharamurthy et al. ([@j_jomb-2017-0053_ref_019]), Manoharan et al. ([@j_jomb-2017-0053_ref_027]) associated it with the damage to the enzyme caused by ROS, or deficiency of trace elements like zinc and manganese which are cofactors for SOD.

Increased generation of ROS such as O~2~ and H~2~O~2~ can also induce CAT. Changes in CAT are closely correlated with alterations in SOD activity. An increase in CAT activities has been reported in breast cancer, tumor cell lines, uterine cancer as well as cervical cancer ([@j_jomb-2017-0053_ref_028], [@j_jomb-2017-0053_ref_029], [@j_jomb-2017-0053_ref_030], [@j_jomb-2017-0053_ref_031]). Our results lend credence to these reports. One possible explanation may be that as tumor burden increases, CAT activity increases in order to defend cells from the increasing oxidative stress caused by tumor environment. Chiou et al. ([@j_jomb-2017-0053_ref_010]) reported that changes in antioxidant activity may be due to the type or extent of tissue damage. Reduced CAT activity was found in the study of Balasubramaniyan et al. ([@j_jomb-2017-0053_ref_020]) in the cervical tissues and in several studies in erythrocytes, in those cases, following the decrease of SOD ([@j_jomb-2017-0053_ref_016], [@j_jomb-2017-0053_ref_021], [@j_jomb-2017-0053_ref_027], [@j_jomb-2017-0053_ref_032]).

GPx catalyzes the conversion of glutathione (GSH) to its oxidized form, glutathione disulfide (GSSG), while GR catalyzes the reduction of GSSG to GSH, regenerating it again ([@j_jomb-2017-0053_ref_033], [@j_jomb-2017-0053_ref_034]). They are secondary antioxidant enzymes and play a prominent role in the protection of cells against many cytotoxic and carcinogenic chemicals. GST activity is increased in most human cancers and may serve as a marker for neoplasms ([@j_jomb-2017-0053_ref_021], [@j_jomb-2017-0053_ref_035]).

Increased activity of GST has been demonstrated in tumors of the brain and breast as well as in carcinoma of the uterine cervix. Authors of these studies argued that increase in GSH concentration is necessary to restore the sufficient concentration of antioxidants and to stimulate the scavenger enzymes indispensable to counteract the damaging actions of free radicals ([@j_jomb-2017-0053_ref_020]). We observed a significant increase in GST activity which could be considered as an adaptive response to oxidative stress.

Several studies reported lower activity of GPx and GR in patients than in healthy controls ([@j_jomb-2017-0053_ref_018], [@j_jomb-2017-0053_ref_020]). Di Ilio et al. ([@j_jomb-2017-0053_ref_036]) reported higher GPx activity in human breast tumor tissue than in non-tumor tissue ([@j_jomb-2017-0053_ref_037]). GPx levels are increased mainly due to the response of increased free radical production. Since the H~2~O~2~ is usually detoxified with the help of GPx and CAT, it can be expected that CAT and GPx are also higher. However, results from our study showed that activity of GPx and GR did not vary with worsening of the disease. Blunt and Fridovich have found that GPx activity may be inactivated in oxidative stress conditions by superoxide anions ([@j_jomb-2017-0053_ref_036], [@j_jomb-2017-0053_ref_038]). In our study activity of SOD was increased, which in turn lead to higher levels of superoxide anions that could inactivate GPx. Since there is not much utilization of GSH, there is no activity of GR as well, so these two enzymes didn't have the impact on oxidative defense as the others.

When 8-OHdG level was assessed in human cervical cells and was related to the presence of human papilloma virus (HPV) infection and precancerous lesions, the analysis showed significant differences in the 8-OHdG content among normal, low-grade (LSIL) and high-grade squamous intraepithelial lesions (HSIL). In the comparison of the three groups, statistically significant differences were detected between normal SIL and HSIL and between LSIL and HSIL, whereas no statistically significant difference was found between normal SIL and LSIL. Concerning HPV status, no significant difference was detected in 8-OHdG levels between HPV+ and HPV-- subjects. These results are clear evidence that significant differences exist in 8-OHdG content between normal and dysplastic cells and that oxidative DNA damage might play an important role in cervical carcinogenesis ([@j_jomb-2017-0053_ref_039]). On the other hand, in the study that compared urinary 8-OHdG in patients with SIL and squamous cell carcinoma of the cervix with normal controls, there were no significant changes in any studied disease status as compared with control ([@j_jomb-2017-0053_ref_040]). In our study, level of 8-OHdG tended to increase with the higher stage of the disease, suggesting its role in cervical carcinogenesis. Similarly, Sgambato et al. ([@j_jomb-2017-0053_ref_004]) observed pro gressive significant increase in the levels of 8-OHdG from LSIL to HSIL to invasive carcinomas. They suggested that alteration of this parameter at early stages of the process might help to predict patients at high risk of progression ([@j_jomb-2017-0053_ref_004]).

Conclusion {#j_jomb-2017-0053_s_005}
==========

Increased levels of antioxidative enzymes may represent the adaptive mechanism of the cell, since the excessive ROS production mediated by tumor burden may increase the transcription of genes coding for these antioxidative enzymes. Higher values of SOD, CAT and GST in patients with locally advanced cervical carcinoma could also be explained by in creased gene expression and/or upregulation of these enzymes as a response to oxidative damage. Oxidative stress increases significantly in malignancy since cancer cells themselves produce oxidants which was confirmed in our study by the increased level of lipid peroxidation. Increased rate of free radical production frequently elicits an increase in the level of antioxidant enzymes under a high rate of free radicals input. Taken together, altered antioxidative enzymes activity, higher lipid peroxidation and higher level of 8-OHdG reflect the oxidative stress in cervical carcinoma, and this becomes more pronounced in advanced stages due to the increased tumor burden.
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